1. Introduction {#s0005}
===============

Prevalence of post- endodontic pain was high but decreased within one day after root canal treatment (RCT) and reached a minimal level within seven days ([@b0045]). 47--60% of cases with asymptomatic pulpitis that advanced to pulp necrosis had a higher chance to develop post-endodontic pain, although the pulp state effect on post-endodontic pain is controversial ([@b0050]).

The most common factor cause the post-endodontic is remnants of microorganisms ([@b0010]). Endodontic irrigation, gutta percha, endodontic sealer, and intra = canal medication are all factors that can cause irritation and post-endodontic pain ([@b0055], [@b0010]). There is no difference between single-visit and multiple-visit RCT on post-endodontic pain ([@b0035], [@b0010]).

According to a recent systematic review and meta-analysis of nonsteroidal anti-inflammatory drugs (NSAIDS) for management of post-endodontic pain, ibuprofen is an effective analgesic drug to control post-endodontic pain ([@b0060]).

Cryotherapy is the application of cold material to lower the temperature of the surrounding tissues to control pain ([@b0040]). The temperature of the outer surface of the root can be reduced more than 10 °C by using cold saline (2.5 °C) for 5 min and has an anti-inflammatory effect on the peri-radicular tissue ([@b0075]). In an in-vitro study, a higher reduction in the Enterococcus faecalis count was obtained by sodium hypochlorite (NaOCl) followed by cryotherapy when compared to NaOCl alone ([@b0030]).

Due to the lack of studies on the effect of using room-temperature saline as the final irrigation on post-endodontic pain, the study addressed this in the trials. The effect of intra-canal cryotherapy on post-endodontic pain was also evaluated and compared to both room-temperature normal saline and the usual protocol used in irrigation.

2. Materials and methods {#s0010}
========================

A randomized controlled trial was conducted. In this study, the inclusion criteria were as follows: Patients with age ranging from 18 to 50 years old, teeth with a single canal, teeth indicated for single-visit RCT, and patients with good general health. The exclusion criteria were as follows: Patients who were younger than 18 years or older than 50 years, teeth with multiple canals, re-treatment cases, presence of root resorption, open apex, preexisting pain and/or periapical pathosis, endodontic mishaps, sealer puff, and patients who used analgesic or anti-inflammatory drugs before the treatment were excluded.

A total of 105 patients who met the inclusion criteria were asked to estimate the pain level they experienced before starting the treatment. Each patient marked the pain on a Visual Analog Scale (VAS) questionnaire as follows: 0, no pain; 1--3, mild pain; 4--6, moderate pain; 7--9, severe pain; and 10, the worst pain ([Fig. 1](#f0005){ref-type="fig"}). They underwent RCT and were divided randomly into three groups, using sealed envelopes, each one containing a group name to distribute the samples blindly and randomly. Group 1 was the cryotherapy group (n = 35), Group 2 was the room-temperature normal saline group (n = 35), and Group 3 was the control group (n = 35).Fig. 1Visual Analog Scale (VAS).

Patients received local anesthesia (2% lidocaine hydrochloride with adrenaline 1:80,000) followed by rubber dam isolation ([Fig. 2](#f0010){ref-type="fig"}). Work on the appropriate access cavity was performed ([Fig. 2](#f0010){ref-type="fig"}). Chemomechanical debridement was achieved by a using full concentration of sodium hypochlorite (5.25% NaOCl) as an irrigation solution delivered by a two side--vented needle, gauge size 25, and the canal was prepared with the ProTaper universal file system, using the X-Smart endodontic rotary motor (Dentsply, Switzerland) according to manufacturer instructions. After coronal flaring, working length (WL) was determined by using a Root ZX II apex locator (J. Morita, Japan) and confirmed by parallel periapical radiograph. Apical width reached was three sizes larger than initial file size. A K-file \#10 was used 1 mm beyond the WL to maintain apical patency. At this time, the dental assistant informed the investigator of which group the patient should be allocated to. The patient was blind to the intervention group he or she would be assigned to. In Group 1, patients received final irrigation with 10 mL cold (1.5--2.5 °C) 0.9% normal saline solution delivered to the WL by using a two side--vented needle with gauge size 30 over a period of 5 min ([Fig. 3](#f0015){ref-type="fig"}). The syringes of cold saline were stored in the refrigerator which is monitored by a digital thermometer, the syringes were taken by investigators immediately before using ([Fig. 4](#f0020){ref-type="fig"}). In Group 2, patients received final irrigation with 10 mL room-temperature 0.9% normal saline solution delivered in the same manner as to the cryotherapy group. In Group 3, patients received no more irrigation. After the final irrigation regimen, the canal was dried with paper points (Dentsply, Switzerland) and obturated with gutta percha (Dentsply, Switzerland) and Tubli-Seal™ zinc oxide eugenol sealer (SybronEndo, USA) cold lateral compaction technique (Dentsply, Switzerland). Coronal access cavities were restored with light cure Glass Ionomer restoration (SDI, Australia) according to the manufacturer's instructions ([Fig. 5](#f0025){ref-type="fig"}). A parallel intraoral periapical radiograph was taken to assess the obturation quality ([Fig. 6](#f0030){ref-type="fig"}).Fig. 2Rubber dam isolation and the appropriate access cavity.Fig. 3A final irrigation with 10 mL cold (1.5--2.5 °C) normal saline, using a needle with gauge size 30.Fig. 4Digital thermometer to monitor the temperature of cold saline syringes inside the refrigerator.Fig. 5Coronal access cavities restored with light cure Glass Ionomer restoration.Fig. 6A periapical radiograph to ensure the obturation.

The patients were asked to fill out the VAS questionnaire and register their post-endodontic pain at 6, 24, and 48 h and instructed to contact their practitioner by phone to report whether they experienced post-endodontic pain. The patients who suffered from severe pain the investigators prescribed analgesic and the patient marked 10 on VAS.

Data were collected and analyzed by Statistical Package for the Social Sciences (SPSS) 13.0 using the Kolmogorov-Smirnov test to assess normal distribution. One-way analysis of variance (ANOVA) and was used to determine statistical difference (α = 0.05) among the groups. Tuckey's test was used to calculate P-value (α = 0.05) between two each group.

3. Results {#s0015}
==========

A total of 105 participants filled out the VAS questionnaire completely. Cryotherapy group (n = 35), room-temperature normal saline group (n = 35) and control group (n = 35).

The mean of post-endodontic pain level for all groups at 6, 24, and 48 h was calculated ([Fig. 7](#f0035){ref-type="fig"}).Fig. 7A chart showing the mean of post-endodontic pain level results.

One-way analysis of variance (ANOVA) was used to determine statistical difference (α = 0.05) among the groups ([Table 1](#t0005){ref-type="table"}).Table 1P-value calculated with ANOVA test. P ≤ 0.005 is considered statistically significant.6 h Post-Operative (Mean ± SD)24 h Post-Operative (Mean ± SD)48 h Post-Operative (Mean ± SD)Group 10.786 ± 1.3690.429 ± 0.7560.071 ± 0.267Group 21.143 ± 1.6570.786 ± 1.3690.143 ± 0.535Group 33.714 ± 2.9843.000 ± 3.1092.429 ± 2.936P-value0.0060.0010.001

Tuckey's test was used to calculate P-value (α = 0.05) between two each group ([Table 2](#t0010){ref-type="table"}).The results showed that Group 1 had the lowest post-endodontic pain (6 h, 24 h, and 48 h). Nevertheless, there was no significant difference between Group 1 and Group 2.The highest post-endodontic pain (6 h, 24 h, and 48 h) was in Group 3.There was a significant difference in post-endodontic pain (6 h, 24 h, and 48 h) of Group 3 when compared with Group 1 and Group 2.There was no significant difference in post-endodontic pain (6 h, 24 h, and 48 h) between vital and non-vital teeth in all groups.In general, the post-endodontic pain (6 h, 24 h, and 48 h) decreased with time in all groups.Table 2P-value calculated by Tuckey's test. Multiple comparison between two each group.Multiple Comparison6 h Post-Operative24 h Post-Operative48 h Post-OperativeGroup 1 Vs Group 20.8710.9660.989Group 1 Vs Group 30.0060.0020.002Group 2 Vs Group 30.0160.0010.002

4. Discussion {#s0020}
=============

This randomized controlled study was conducted to evaluate the effect of irrigation solutions' temperature on post-endodontic pain.

The limitations faced in this study were as follows: The number of participants who met the inclusion criteria were limited, the pain level was subjectively determined because no device for measure the pain. The most endodontic sealer can cause chemical irritation. So, the investigators chose Zinc Oxide Eugenol sealer.

The investigators excluded any cases with endodontic mishaps and sealer puff to ensure no external effects on post-endodontic pain, and they used Zinc Oxide Eugenol sealer; they did not use intra-canal medication to prevent chemical irritation ([@b0055], [@b0010]).

Teeth with periapical pathosis have a higher risk to develop pain ([@b0020]), and symptomatic teeth have more chance to develop post-endodontic pain regardless of the pulp status ([@b0065]). Cases with preoperative pain or periapical pathosis were excluded in this study because investigators excluded any other factors effect on post-endodontic pain and to standardize the cases. If these cases included, the cases with preoperative pain or periapical may give unreliable results.

Post-endodontic pain in this study decreased in all groups with time. These results are in accordance with [@b0045], who found that the prevalence of post-endodontic pain is high but drops within 1 day after RCT and continues going down to reach a minimal level ([@b0045]).

In this study, tooth vitality showed nonsignificant difference in post- endodontic pain. However, these findings were not discussed in this study. These results are not in accordance with findings by [@b0050], who found that 47--60% of patients with asymptomatic necrotic pulp tissue have post-endodontic pain, although the pulp status effect on post-endodontic pain is controversial ([@b0050]).

Post-endodontic pain control is important in root canal treatment (8). Ibuprofen is an effective analgesic to control post-endodontic pain according to recent systematic review and *meta*-analysis of NSAIDs for managing post- endodontic pain ([@b0060]). The last irrigation with normal saline at either cold or room temperature in this study was an excellent choice for controlling post-endodontic pain and may be a good alternative to the use of analgesics. The normal saline in both Group 1 and Group 2 can flush and remove the remnants of NaOCl irrigation, because these remnants can cause chemical irritation and post-endodontic pain ([@b0055]), and the cleaning ability of normal saline might be an underlying source of post-endodontic pain reduction.

In the cryotherapy group, the investigators used saline at 2.5 °C because the root surface temperature can be reduced by more than 10 °C by using 2.5 °C saline irrigant for 5 min, according to in vitro study ([@b0075]). The investigators used 10 mL of cold saline in the final irrigation, with gauge size 30 in the cryotherapy group to prolong the presence of the cold irrigant inside the canal for around 5 min. In Group 2, the investigators used 10 mL of saline at room temperature in the final irrigation with gauge size 30 to standardize the final irrigation protocol in both groups (Group 1 and Group 2) and made the difference in the irrigant temperature only.

According to two recent studies that conducted cryotherapy research of single-visit root canal treatment (RCT), pain level was reduced compared to the control group ([@b0005], [@b0015]). [@b0070] applied cryotherapy on 105 patients with necrotic pulp and found that post-endodontic pain can be minimized by using intra-canal cryotherapy. In this study, Intra-canal cryotherapy (Group 1) gave better results than room- temperature normal saline (as in Group 2) as the last irrigation, but statistically there was no significant difference between the two groups. These results are not in accordance with Al-Nahlawi et al., Keskin et al., and Vera et al., who found that cold normal saline was more effective on post-endodontic pain than room-temperature normal saline as the last irrigation ([@b0005], [@b0015], [@b0070]).

EndoVac was not used in this study because it is not available in all dental clinics, although Al-Nahlawi et al., Keskin et al., and Vera et al*.* used EndoVac for delivering the irrigation solution ([@b0005], [@b0015], [@b0070]).

Group 3, in the current study, had NaOCl irrigation without any additional saline in the regimen; it is regarded as the classic irrigation protocol (control). This yielded a statistically significant difference between Group 3 and Group 1 and Group 2 separately. Group 3 was not addressed in Al-Nahlawi et al., Keskin et al., and Vera et al., who compared only cold normal saline with room temperature normal saline as the last irrigation ([@b0005], [@b0015], [@b0070]).

Three participants in this study, every one of them had three teeth with single canal (Split-mouth study) which every tooth had been endodontically treated and allocated in different group (Group 1, Group 2 and Group 3). The teeth allocated in Group 1 and Group 2 were the least post-endodontic pain level and they did not feel difference between two methods. The teeth allocated in Group 3 were the highest post-endodontic pain level. This Split-mouth cases can reduce the inter-individual variability ([@b0025]).

5. Conclusion {#s0025}
=============

Within the limitations of this study, we can conclude the following.•Final flushing of the canal with saline at either cold or room temperature was effective for post-endodontic pain control. This can be promising as an essential step in endodontic treatment to reduce the post-endodontic pain.•Room-temperature saline as the final irrigation showed results comparable to intracanal cryotherapy.•Further clinical studies should be done to determine the minimal volume of normal saline needed to control post-endodontic pain.
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